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(54) EXHAUST EMISSION CONTROL DEVICE FOR INTERNAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To judge the deterioration of a 
NOx absorbing catalyst (NOx absorbent) caused by the sulfur 
poisoning, with high accuracy and eliminate the attached sulfur 
to regenerate the catalyst. 

SOLUTION: A SOx sensor is arranged in an exhaust system to 
detect the concentration of sulfur in the exhaust gas (S102), 
and a SOx integrated amount is calculated on the basis of the 
detected value (SI 04). When the integrated amount is over a 
predetermined value A, the power is supplied for the heating 
(S106, S108). and an air/fuel ratio is enriched (S1 12) when the 
exhaust temperature Teat is over a predetermined temperature 
B (S110). 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The NOx absorbent which absorbs NOx in exhaust gas when it is prepared in an internal 
combustion engine's exhaust air system and exhaust gas is in lean atmosphere, A heating means to heat said 
NOx absorbent, and a sulfur concentration detection means for it to be prepared in the upstream of the 
arrangement location of said NOx absorbent, and to detect the sulfur concentration in exhaust gas, A 
degradation judging means to judge degradation by sulfur poisoning of said NOx absorbent based on the 
output of said sulfur concentration detection means, When the temperature which said degradation was 
judged by temperature presumption means to presume the temperature of said NOx absorbent, and said 
degradation judging means, and was presumed by said temperature presumption means is higher than sulfur 
poisoning regenerating temperature, The exhaust emission control device of the internal combustion engine 
characterized by having the sulfur clearance control means which supplies theoretical air fuel ratio or the 
rich air- fuel ratio not more than it. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to what removes poisoning easily and reproduced the NOx 
absorbent (NOx absorption catalyst) to poisoning, such as sulfur, in more detail about an internal 
combustion engine's exhaust emission control device. 
[0002] 

[Description of the Prior Art] As an internal combustion engine's exhaust gas clarification catalyst, an 
oxidation catalyst, the three way component catalyst, the NOx selection reduction catalyst, the NOx 
absorption catalyst (NOx absorbent), HC absorption catalyst, etc. are proposed variously. In recent years, 
Lean-ization of air- fuel ratios, such as a lean bum engine, is progressing, and if such an engine has, 
clarification of the NOx (nitrogen oxides) component in lean atmosphere is in drawing using a NOx 
absorption catalyst (NOx absorbent) etc. 

[0003] By the way, although Sulfur S is contained in the fuel, if the sulfur adheres to a catalyst front face or 
micropore as SOx (sulfur oxide) (absorption), the clarification effectiveness of a catalyst will be reduced. If 
it is in the catalyst which carries out reduction clarification of the NOx which absorbed NOx with the NOx 
absorption catalyst especially described above (NOx absorbent), i.e., lean atmosphere, and was absorbed in 
response to the supply which is not burned [ HC ] (reducing agent), sulfur is easy to be absorbed, the so- 
called sulfur poisoning is produced, and NOx absorption efficiency is reduced. 

[0004] Then, JP,6-66129,A made the air- fuel ratio of the gaseous mixture to supply theoretical air fuel ratio, 
and has proposed the technique which removes SOx and reproduces a catalyst while it carries out fixed time 
amount energization heating of the electric heater, when the amount of sulfiir poisoning is presumed from 
car mileage, a NOx absorbed amount, or an exhaust-gas temperature and estimate exceeds a predetermined 
value. 

[0005] Moreover, the air- fuel ratio of the gaseous mixture to supply was made rich, and JP,7-217474,A has 
also proposed the technique which removes SOx and reproduces a catalyst, when exhaust gas temperature 
exceeds a predetermined value, while the amount of sulfur poisoning is presumed from an engine rotational 
frequency etc. and estimate exceeds an allowed value. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, in the U.S., although the sulfur in the fuel sold in 
Japan is regulated by 30 ppm, although there are many 1000 ppm and sulfur contents by the average at 400 
ppm and a regulation value and it changes with countries even in Europe, a country hundreds of ppm or 
more is the majority. 

[0007] Although the catalyst (NOx absorbent) needed to be exactly reproduced in quest of sulfur poisoning 
with a sufficient precision since sulfur poisoning also increased as the sulfur content in a fuel increased, it 
was not what presumes the amount of sulfur poisoning from car mileage etc. in the above-mentioned 
conventional technique, detects the sulfur concentration in exhaust gas, presumes the amount of sulfur 
poisoning based on it, and performs catalyst regeneration. 

[0008] Therefore, it is in the object of this invention offering the exhaust emission control device of the 
internal combustion engine which is to cancel the above-mentioned inconvenience, detects the sulfur 
concentration in exhaust gas, judges degradation of the NOx absorbent by sulfur poisoning more directly 
based on it, and was made to regenerate exactly. 
[0009] 

[Means for Solving the Problem] If it is in claim 1 term in order to attain the above-mentioned object The 
NOx absorbent which absorbs NOx in exhaust gas when it is prepared in an internal combustion engine's 
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exhaust air system and exhaust gas is in lean atmosphere, A heating means to heat said NOx absorbent, and 
a sulfur concentration detection means for it to be prepared in the upstream of the arrangement location of 
said NOx absorbent, and to detect the sulfur concentration in exhaust gas, A degradation judging means to 
judge degradation by sulfur poisoning of said NOx absorbent based on the output of said sulfur 
concentration detection means, When the temperature which said degradation was judged by temperature 
presumption means to presume the temperature of said NOx absorbent, and said degradation judging means, 
and was presumed by said temperature presumption means is higher than sulfur poisoning regenerating 
temperature, It constituted so that it might have the sulfur clearance control means which supplies 
theoretical air fuel ratio or the rich air- fuel ratio not more than it. 

[0010] By this, the sulfur concentration in exhaust gas can be detected and degradation judging precision 
can be raised by judging degradation by sulfur poisoning more directly based on it. Therefore, also when 
using a fuel with many sulfur contents, a NOx absorbent can be regenerated exactly. 
[0011] 

[Embodiment of the Invention] The gestalt of operation of the exhaust emission control device of the 
internal combustion engine which is based on an accompanying drawing and is hereafter applied to this 
invention is explained. 

[0012] Drawing 1 is the general drawing showing the exhaust emission control device roughly. 
[0013] in drawing, a sign 10 should show the body of the Taki cylinder internal combustion engines 
(henceforth an "engine"), such as a 4-cylinder, and the inhalation of air introduced from the air cleaner (not 
shown) arranged at the head of an inlet pipe 12 should pass a surge tank and an inlet manifold (not shown 
[ both ]), having the flow rate adjusted by the throttle valve 14 — it flows into each cylinder. 
[0014] An injector (fuel injection valve) 16 is formed near the intake valve (not shown) of each cylinder, 
and a fuel is injected. The gaseous mixture which was injected and was united with inhalation of air is lit 
with the ignition plug which is not illustrated within each cylinder, burns, and drives a piston (not shown). 
[0015] The exhaust gas after combustion is sent to an exhaust pipe 18 through an exhaust air bulb (not 
shown) and an exhaust manifold (not shown). While a three way component catalyst 22 is arranged in an 
exhaust pipe 1 8 at the upstream and purifying HC in exhaust gas, CO, a NOx component, etc., the NOx 
absorption catalyst (the above mentioned NOx absorbent) 24 is arranged on the lower stream of a river. 
[0016] if the oxygen density in exhaust gas falls while the NOx absorption catalysts 24 are the NOx 
absorbent indicated by JP,6-66129,A or JP,7-217474,A described previously and a catalyst of the same kind 
and absorbing NOx in exhaust gas by lean atmosphere (oxidizing atmosphere) — namely, a rich ambient 
atmosphere — setting — unburnt — it reacts with HC and CO and reduction clarification of the NOx is carried 
out. 

[0017] Here, after the support which supports the NOx absorption catalyst 24 carries out extrusion molding 
of the raw material, it is calcinated and ceramic-ized, and is judged and manufactured by die length proper 
subsequently. A current path is formed in support and it is constituted as a catalyst of the electric heating 
type which NOx absorption catalyst 24 the very thing equips with electrical heater structure. A current path 
is connected to the forward negative-electrode terminals 24a and 24b. 

[0018] If the equipment of drawing 1 is equipped with a change-over switch 26 and terminal 26a of a 
change-over switch 26 is switched to 26b, it will connect with AC dynamo 28 and positive-electrode 
terminal 24a will raise the temperature of the NOx absorption catalyst 24 in response to supply of a current 
from AC dynamo 28. 

[0019] In addition, if terminal 26a of a change-over switch 26 is switched to terminal 26c, it will connect 
with the positive electrode of a dc-battery 30, and the output of AC dynamo 28 will charge a dc-battery 30. 
The positive electrode of a dc-battery 30 is connected to the electric load containing the motor (not shown) 
of the air pump 34 described above through the line 32. 

[0020] It connects with the other end of the fork road 36 which branched in the upstream of the NOx 
absorption catalyst 24 arrangement location of an exhaust pipe 1 8, and an air pump 34 supplies oxygen, 
promotes combustion of a non-burned component, and raises clarification effectiveness. 
[0021] While the crank angle sensor 38 is formed near the cam shaft of an engine 10, or a crankshaft (not 
shown [ both ]) in drawing 1 and outputting Signal CRK for whenever [ predetermined crank angle / every ], 
a cylinder distinction signal is outputted by whenever [ specific crank angle / of a specific cylinder ]. 
[0022] The signal which the throttle opening sensor 40 was formed in the throttle valve 14, and is 
proportional to throttle opening thetaTH is outputted. The absolute-pressure sensor 44 is formed in the end 
of the fork road 42 of the lower stream of a river, and the signal according to the absolute pressure PBA in 
an inlet pipe is outputted to it. 
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[0023] Furthermore, while outputting the signal which an intake temperature sensor 46 is formed in the 
lower stream of a river of a branch location, and is proportional to the inhalation air temperature TA, 
suitably, a coolant temperature sensor 48 is formed in a location, and the signal according to engine-cooling- 
water ** TW of a cylinder block etc. is outputted to it. 

[0024] Furthermore, in an exhaust pipe 18, it is 02. A sensor 50 is formed and the signal proportional to the 
oxygen density in exhaust gas is outputted. 

[0025] Furthermore, between a three way component catalyst 22 and the NOx absorption catalyst 24, the 
exhaust-gas-temperature sensor 52 is formed and the signal according to exhaust gas temperature Teat near 
the arrangement location of the NOx absorption catalyst 24 is outputted. 

[0026] Furthermore, the SOx sensor (the above mentioned sulfur concentration detection means) 54 is 
formed in the lower stream of a river of the NOx absorption catalyst 24, and the signal proportional to the 
concentration Sc of the sulfur in exhaust gas is outputted. 

[0027] Drawing 2 is the explanation sectional view showing the configuration of the SOx sensor 54 in a 
detail. 

[0028] the criteria room which is open for free passage to atmospheric air while the SOx sensor 54 presents 
the plate which comes to carry out the laminating of the solid electrolyte layers of oxygen ion conductivity, 
such as zirconia ceramics, and the 1st test-chamber (building envelope) 54a, the 2nd test-chamber (building 
envelope) 54b, and 3rd test-chamber (building envelope) 54c are formed — 54d is formed. 
[0029] Exhaust gas flows to 1st test-chamber 54a through 54m of gaseous diffusion rate-limiting layers. A 
pump eel is constituted from electrodes 54e and 54f by the 1st test-chamber 54a, the oxygen of the 
measurement interior of a room is pumped out, and oxygen tension is controlled to the value which must 
have been returned to NOx. The oxygen density in exhaust gas is detected by detecting the oxygen tension 
as the Electrodes [ 54g and 54h ] potential difference. 

[0030] Similarly the electrodes 54i and 54j which consist of NOx reduction catalysts, such as Rh, are 
formed in the 2nd test-chamber 54b, the oxygen tension generated by reduction or decomposition of oxygen 
tension, i.e., NOx, by detecting the potential difference is detected, and NOx concentration is detected. 
[0031] Similarly the electrodes 54k and 541. which consist of SOx reduction catalysts, such as Pt, are formed 
in the 3rd test-chamber 54c, and SOx concentration is detected from those potential difference. Thus, the 
SOx sensor 54 can detect not only SOx concentration but an oxygen density and NOx concentration 
collectively. 

[0032] The output of these sensors group is sent to an electronic control unit (henceforth "ECU") 60. 
[0033] ECU60 consists of input circuit 60a, CPU60b, storage means 60c, and 60d of output circuits. Input 
circuit 60a processes changing into predetermined level the signal level which operates the input signal 
wave from various sensors orthopedically, changing an analog signal value into a digital signal value, etc. 
Storage means 60c memorizes various operation programs, the result of an operation, etc. which CPU60b 
performs. 

[0034] CPU60b counts the above mentioned CRK signal, calculates fuel oil consumption (injector valve- 
opening time amount) from the engine speed NE which detected and detected the engine speed NE, and the 
absolute pressure PBA in an inlet pipe, and amends it with a target air-fuel ratio etc. 
[0035] A target air-fuel ratio is set as the values (for example, 30:1 etc.) of the direction of Lean which 
exceeds theoretical air fuel ratio at the time of low load driving by the value (for example, 12:1) of the rich 
direction of under theoretical air fuel ratio at the time of heavy load operation. 

[0036] Furthermore, CPU60b judges degradation by sulfur poisoning of the NOx absorption catalyst 24, and 
performs the clearance (playback). That is, from reducing NOx absorption efficiency, if the so-called sulfur 
poisoning to which the sulfiir component in exhaust gas adheres to a catalyst front face or micropore as SOx 
(sulfur oxide), and the clarification effectiveness of a catalyst is reduced becomes excessive, absorbed SOx 
is removed and the NOx absorption catalyst 24 is reproduced. 

[0037] Subsequently, actuation of the exhaust emission control device of the internal combustion engine 
concerning this invention is explained. 

[0038] Drawing 3 is a flow chart which shows the actuation. In addition, the program of a graphic display is 
performed by every proper time interval (for example, 80msec(s)). 

[0039] If it explains below, it will judge whether in SI 00, a control condition and the conditions which 
perform sulfur poisoning degradation judging and catalyst regeneration in more detail are satisfied. This 
condition is judged to be formation when an engine 1 0 is specifically in a steady operation condition, while 
the NOx absorption catalyst 24 is in 400 degrees C from 300 degrees C and is being activated. 
[0040] When denied by SI 00, while skipping subsequent processings, the output Sc of the SOx sensor 54 
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which progressed to SI 02 when affirmed, and was described above (sulfur concentration in exhaust gas) is 
sampled. 

[0041] Subsequently, the amount St of SOx addition (namely, the amount of sulfur poisoning) presumed to 
have been absorbed by the NOx absorption catalyst 24 based on the sulfur concentration Sc which 
progressed to SI 04 and was detected, and a multiplier a (adsorption) is computed. 

[0042] The amount St of SOx addition multiplies by the sulfur concentration which asked for the exhaust 
gas volume Vg which flowed the exhaust pipe 18, and detected it to the calculated value, and, more 
specifically, it asks in integrating over the predetermined time which described the product above. 
[0043] This exhaust gas volume Vg is map-ized free [ retrieval ] from an engine speed NE and the absolute 
pressure PBA in an inlet pipe. In addition, it is the multiplier which shows the rate presumed that the 
multiplier a was absorbed by the NOx absorption catalyst 24 in the SOx integrated value supplied to the 
arrangement location of the NOx absorption catalyst 24 (adsorption). 

[0044] Subsequently, it judges whether the amount St of SOx addition which progressed to SI 06 and was 
calculated exceeds the predetermined value A. Here, the predetermined value A is a threshold which is 
sufficient forjudging degradation of the NOx absorption catalyst 24, and is set up in quest of a proper value 
through an experiment. 

[0045] While skipping processing after judging with the NOx absorption catalyst 24 having not deteriorated 
when denied by SI 06, when affirmed, it judges with the NOx absorption catalyst 24 having deteriorated, 
and progresses to SI 08, and close carries out energization heating of the NOx absorption catalyst 24 at a 
poisoning clearance activity. 

[0046] More specifically AC dynamo 28 (or dc-battery 30) is connected to terminal 24a of the heater of the 
NOx absorption catalyst 24, energization heating is carried out through the above mentioned change-over 
switch 26, and temperature up of the NOx absorption catalyst 24 is carried out. That is, heating temperature 
up of the absorbed SOx is carried out from ****ing, if whenever [ catalyst temperature ] reaches before and 
after 700 degrees C. 

[0047] Subsequently, it judges whether the exhaust-gas temperature Teat which progressed to SI 10 and was 
detected exceeds the predetermined temperature B. The predetermined temperature B is set as about 700 
degrees C. When denied by SI 10, while skipping subsequent processings, when affirmed, it progresses to 
SI 12 and an air- fuel ratio is made predetermined time (short time) rich. 

[0048] consequently, SOx which exhaust gas became a rich ambient atmosphere and was emitted from the 
NOx absorption catalyst 24 — unburnt — it is returned by HC and CO. Thus, the NOx absorption catalyst 24 
is reproducible. 

[0049] In addition, what is detected is an exhaust-gas temperature near the arrangement location of the NOx 

absorption catalyst 24, and although it is not the temperature of the NOx absorption catalyst 24 itself, it can 

be regarded as whenever [ catalyst temperature ] by amending a detection value suitably. 

[0050] Since it was made for the gestalt of this operation to regenerate when the sulfur concentration Sc in 

exhaust gas was detected like the above, the catalyst de-activation by sulfur poisoning was more directly 

judged based on it and it was judged with degradation, it can regenerate by the ability judging degradation 

by sulfur poisoning of a NOx absorption catalyst with a sufficient precision. Therefore, even if the sulfur 

content of a fuel increases, the NOx absorption catalyst 24 is exactly reproducible. 

[0051] Drawing 4 is a flow chart which shows actuation of the exhaust emission control device of the 

internal combustion engine concerning the gestalt of implementation of the 2nd of this invention. 

[0052] If a focus is set and explained to the point which is different from the gestalt of the 1 st or the 2nd 

operation, processings from S200 to S208 will be performed, and it will progress to S210, and will judge 

whether the resistance welding time TON to the NOx absorption catalyst 24 exceeded predetermined time 

C. 

[0053] Predetermined time C is set up suitably in quest of the value which is sufficient forjudging with the 
temperature of the NOx absorption catalyst 24 having amounted to 700 degrees C. 

[0054] When denied by S210, while skipping subsequent processings, when affirmed, it progresses to S212 
and an air- fuel ratio is made rich [ short-time ] like the gestalt of the 1st or the 2nd operation. 
[0055] Since energization heating is carried out and the temperature up of the NOx absorption catalyst 24 
was promoted like the above in the gestalt of the 2nd operation, a poisoning clearance activity can be 
exactly done like the gestalt of the 1 st operation. 

[0056] Moreover, since the exhaust-gas temperature (if it puts in another way whenever [ catalyst 
temperature ]) Teat was presumed from the resistance welding time TON, installation of the exhaust-gas- 
temperature sensor 52 is omissible. In addition, a residual configuration and effectiveness are the same as 
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the gestalt of the 1 st operation. 

[0057] Drawing 5 is a flow chart which shows actuation of the exhaust emission control device of the 
internal combustion engine concerning the gestalt of implementation of the 3rd of this invention. 
[0058] If a focus is set and explained to the point which is different from the gestalt of old operation, 
processings from S300 to S308 will be performed, and it will progress to S3 10, and will judge whether the 
energization electric energy E to the NOx absorption catalyst 24 exceeded the predetermined electric energy 
D. 

[0059] The energization electric energy E is computed by installing suitably a voltage sensor and a current 

sensor (not shown [ both ]), and detecting applied voltage V and force current I. Moreover, the 

predetermined electric energy D is set up suitably in quest of the value which is sufficient forjudging with 

the temperature of the NOx absorption catalyst 24 having amounted to 700 degrees C. 

[0060] When denied by S3 10, while skipping subsequent processings, when affirmed, it progresses to S3 12 

and an air- fuel ratio is made rich [ short-time ] like the gestalt of the 1 st or the 2nd operation. 

[0061] Since energization heating is carried out also in the gestalt of the 3rd operation and the temperature 

up of the NOx absorption catalyst 24 was promoted, a poisoning clearance activity can be exactly done like 

the gestalt of old operation. In addition, the residual configuration is the same as that of the gestalt of old 

operation. 

[0062] The NOx absorbent which absorbs NOx in exhaust gas when the gestalt of the 1 st thru/or operation 
of the 3rd of this invention is prepared in an internal combustion engine's (engine) exhaust air system 
(exhaust pipe 18) like the above and exhaust gas is in lean atmosphere (NOx absorption catalyst 24), A 
heating means to heat said NOx absorbent (NOx absorption catalyst heater), A sulfur concentration 
detection means for it to be prepared in the upstream of the arrangement location of said NOx absorbent, 
and to detect the sulfur concentration Sc in exhaust gas (SOx sensor 54), A degradation judging means to 
judge degradation by sulfur poisoning of said NOx absorbent based on the output of said sulfur 
concentration detection means (ECU60, SI 06, S206, S306), A temperature presumption means to presume 
the temperature Teat of said NOx absorbent (the exhaust- gas-temperature sensor 52, ECU60, SI 10, S2 10, 
S3 10), When the temperature which said degradation was judged by said degradation judging means, and 
was presumed by said temperature presumption means is higher than sulfur poisoning regenerating 
temperature (700 degrees C), It constituted so that it might have the sulfur clearance control means (from 
ECU60 and SI 10 to SI 12 and S210 to S212 and S3 10 to S3 12) which supplies theoretical air fuel ratio or 
the rich air- fuel ratio not more than it. 

[0063] In addition, the SOx sensor 54 may be equipped with the structure indicated by JP,6-174692,A or 
JP,9-189678,A in the above. Moreover, although the SOx sensor 54 detected the concentration of the sulfur 
in exhaust gas, it may detect absolute magnitude. 

[0064] In addition, in the above, although the catalyst 22 of the upstream was made into the three way 

component catalyst, you may be a NOx absorption catalyst. 

[0065] 

[Effect of the Invention] If it is in claim 1 term, the sulfur concentration in exhaust gas can be detected and 
degradation judging precision can be raised by judging degradation by sulfur poisoning more directly based 
on it. Therefore, also when using a fuel with many sulfur contents, a NOx absorbent can be regenerated 
exactly. 

[Translation done.] 
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£ . lu f BSSfb^E^Macc J; 0 WE^bW«5E 3 

*i> *>-3iW8aaflas3e#atc«t o see s n/csa*«n 
30 t© y * rgmttzmte-? ^nm^mm^mt *mz. 

Z>Zu<Mf&btc. 

[0010] chKiot, Sm^4i©illlWK«tt 
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[0 0 1 3 ] 0{Ctet,^r. Ml 0S4Mt£(^jK 
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*«s 1 1 2{ca^rsjniJt*»f3ei^ia (5SB#ra) y » 

[0 04 8 ] -e©*ss. « y 9 

NOx«lRM«2 4*>6ttffi3nytSOx»*j|!8H 
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